Infantile hemangiomas (IH) complicated by ulceration, disfigurement, functional impairment or life-threatening conditions need early, safe and effective treatment. This study explores the impact of propranolol on complicated IH. We report our experience of 62 patients treated with oral propranolol for complicated IH. The effect of propranolol was assessed using a score on a visual analogue scale integrated with echo, magnetic resonance or endoscopic findings. The average age at the beginning of the treatment was seven months [standard deviation (SD)±8.9], with a median of four months (range 1-53 months). The average age at the end of the treatment was 15 months (SD±8.4), with a median of 13 months (range 7-59 months). The mean treatment length was eight months (SD±3.2). Oral propranolol was successful in 95.2% of the patients in reducing the volume, the intensity of color and the elevation of IH. Statistically significant improvement of IH volume was observed in the first two months of therapy (P≤0.001), and between the second month and the end of the treatment (P<0.05). No significant bradycardia or hypotension occurred. Severe hypoglycemia occurred in one patient. Mild adverse effects were observed in seven patients. Our study demonstrates that propranolol administered orally at 2 to 3 mg/kg/day has a rapid therapeutic effect leading to remarkable shortening of the natural course of IH and it is safe in the majority of patients.
Introduction
Infantile hemangiomas (IH) are the most common tumors of infants, occurring in 1 to 4% of children under one year of age. [1] [2] [3] They are composed of multipotent stem cells, immature endothelial cells, pericytes and mesenchimal cells. 4 Infantile hemangiomas follow a typical course: they appear within the first few days to weeks after birth and usually grow rapidly during the first year of life, sometimes continuing up to 24 months. After a period of stabilization lasting a few months IH undergo spontaneous involution. This usually occurs after several years. 4 The pathogenesis of IH remains unknown. At present there are three main hypotheses: the theory of tissue hypoxia, the theory of embolization of placental endothelial cells, and the theory of increased angiogenic and vasculogenic activity. 5, 6 The possibility that the three mechanisms could act together is not excluded. 6 Whatever the pathogenic mechanism, in the proliferative phase of IH pro-angiogenic factors, vascular endothelial growth factor (VEGF), and basic fibroblast growth factor (bFGF) show increased expression, whereas during the regressive phase the levels of VEGF and bFGF are significantly lower. 5, 6 The vast majority of IH do not have a clinical impact and do not need any treatment. However, in some patients IH significantly progress and can be complicated by ulceration; they may lead to permanent scars or disfigurement; or they may cause functional impairment (visual or auditory) or life-threatening conditions (airway obstruction or cardiac compromise). In these cases prompt therapy should be considered to prevent or treat the complications. In 2008 Leaute-Labreze noted the positive effect of propranolol on a nasal IH. 7 Since then other studies have confirmed the efficacy of oral propranolol therapy, which has become the first-line treatment for IH. [8] [9] [10] [11] [12] [13] [14] In December 2009 at the Department of Pediatrics of Parma University an observational study on oral propranolol therapy for IH was started. The aim of this clinical trial was to evaluate the efficacy and safety of propranolol treatment for IH and to verify the appropriateness of our diagnostic-therapeutic approach.
Materials and Methods
From December 2009 to August 2014 we enrolled 68 infants in whom the treatment with propranolol was indicated in order to prevent or ameliorate a complication by an IH. The first referral and the indication for treatment with propranolol was decided on the basis of the guidelines of the American Academy of Dermatology 15 by a medical team consisting of a pediatrician, a dermatologist, a pediatric surgeon, a plastic surgeon and a pediatric radiologist. In four patients informed consent was not achieved, so the treatment was started in 64 patients. Two patients were subsequently excluded from the study due to poor compliance with the treatment. A total of 62 patients were treated. Parents gave their written consent to start the treatment with propranolol and to acquire serial photos in order to evaluate the initial appearance of the lesion, its growth and its evolution during the treatment. All infants were hospitalized in our pediatric ward for 48 hours in order to start the treatment under medical control. A careful patient history was recorded and a physical examination was performed to assess risk factors or contraindications to using propranolol, such as reactive airway disease, asthma, cardiac disease, cardiac arrhythmia, hypoglycemia. If these last contraindications were present, additional work-up was required. All patients underwent a baseline electrocardiogram that was interpreted by a pediatric cardiologist. If abnormal cardiac findings at history or physical examination or electrocardiography (ECG) abnormalities were found, echocardiography was performed. In case of deep IH, echography was performed to measure the extent or to determine the nature of the lesion. When we were not able to define the nature or the extent of the lesions by clinical findings or echography, magnetic resonance imaging (MRI) was performed.
During the hospital stay the patient was evaluated clinically twice a day by a pediatrician. The heart rate and blood pressure were measured before the administration of propranolol and 2 hours afterwards to coincide with plasmatic peak level. Propranolol was started at a dose of 1 mg/kg/day in three divided doses for the first 24 hours, then it was increased to 2 mg/kg/day. The parents were trained to manage the treatment at home and to recognize early adverse events and conditions that could require interruption of the treatment (vomiting, diarrhea, reduction in feeding, wheezing, respiratory distress, irritability/apathy).
Four to seven days after discharge from hospital, in the absence of adverse reactions, the dosage was increased to 2.5 -3 mg/kg/day in three divided doses. Monthly clinical evaluation was performed, with measurement of heart rate and blood pressure; acquisition of new pictures of the lesion; adjustment of the dosage of the drug; and, if necessary, echography. In all patients the treatment was started using an oral solution containing 1 mg/mL of propranolol; the therapy was continued with a powder galenical formula in some cases and in other cases with an oral solution containing 2 mg/mL of propranolol, depending on the pharmacy supplying the drug.
The results of the therapy were evaluated through the visual analogue scale (VAS) proposed by Zvulunov. 16 The VAS scale is based on the evaluation, made by two independent observers, of photographic documentation acquired before, during and after the treatment. The scale consists of values between zero and ten, where ten indicates the worst aspect of IH and zero that IH is no longer visible. A score of five means an IH decrease of 50% compared with its worst aspect. In the case of mixed, or exclusively deep IH, or in those IH invisible from the outside the VAS score was assigned on the basis of ultrasound, MRI and endoscopic findings, as well as on the appearance of the affected area in the photographs.
The end of the therapy was established considering the age of the patient (the IH had to be close to the end of the growing phase) and the results obtained in terms of reduction in volume and stability of the lesion. Once the decision to suspend the treatment had been taken, the dosage was gradually tapered and the drug was discontinued after two weeks. Follow-up visits were made at one and six months after the end of the therapy.
The results during therapy and six months after the cessation of treatment were analyzed with SPSS Statistics 19.
Results
Sixty-two patients suffering from IH were treated with oral propranolol. The clinical indication for the treatment was: disfigurement in 41, ulceration in five and functional impairment in 16 (visual in 11, auditory in three, airway in two).
Forty-two patients were females and twenty were males (F/M=2.1:1). Eleven patients (17.7%) were ex-preterm neonates ranging from 30 to 37 weeks of gestational age. Three patients were born of a twin pregnancy (the other twin was free of IH). The average age at the appearance of IH was 14.5 days (SD±20.8), the median was seven days (range 0-90 days). We treated 53 single lesions and 11 multiple lesions (the total number of lesions was 71 in 62 patients). Considering the anatomical location of the IH, 47 (66.2%) were located on the head, 13 (18.3%) on the torso, 7 (9.9%) on the limbs, and 4 (5.6%) on the neck. In only one patient all of the lesions (four superficial IH) were significant enough to require treatment. There were 65 lesions requiring treatment in 62 patients: 20 (30.8%) were superficial, 13 (20%) were deep, and 32 (49.2%) were mixed. One of the deep IH involved the parotid gland (Figure 1 ). The IH treated was in proliferative phase in Article 57 (92%) patients, in 5 (8%) patients the lesion was stable when our team saw it for the first time, but there was significant esthetic impairment that justified the beginning of therapy (Table 1) .
Two patients suffered from IH in the setting of a more complex condition: one had PELVIS syndrome (perineal IH, external genital malformations, lipomyelomeningocele, urinary tract abnormalities, imperforate anus and skin tag) and one had SACRAL syndrome (spinal dysraphism, anogenital, cutaneous, renal and urologic anomalies, associated with a lumbosacral IH).
Echography of the IH was performed in 25 patients, and MRI in four. Echocardiography was performed in one patient with abnormal cardiac findings and ECG abnormalities. Multiple atrial septal defects were found. As is typical in children with atrial septal defects, no clinical signs of heart failure were present in this patient.
The average age at the beginning of treatment was seven months (SD±8.9), with a median of four months (range 1-53 months). The average age at the end of treatment was 15 months (SD±8.4), with a median of 13 months (range 5-59 months). The mean treatment length was eight months (range 1-21 months, SD±3.2). In order to evaluate the results of the treatment the VAS scores were analysed with Wilcoxon's test. The median of the VAS scores was: seven (range 5-10), six (range 2-10), four (range 1-10), three (range 1-8), and three (range 1-10), respectively at the first, second, third, and sixth month and at the end of the treatment. There was a significant statistical improvement of VAS scores, in particular between the beginning and the first month of the therapy (P<0.001), between the first and the second month (P=0.001), between the second and the sixth month (P<0.05) and between the second and the end of treatment (P<0.05) ( Figure 2 and Table 2 ).
In seven patients (11.3%) the residual IH began to grow significantly again after discontinuation of the therapy (6/7 of relapsing IH had a deep component and 2/7 were segmental). A second cycle of propranolol was administered with the same beneficial result as the first treatment and without any relapse. The average age at the beginning of the second treatment was 13.1 months (SD±2.9), with a median of 12.5 months (range 9-19 months). The average length of the second cycle of treatment was 6.25 months (SD±1.8). Considering the morphology of the IH requiring a second cycle of treatment, one (14%) was superficial, three (43%) were deep and three (43%) were mixed, the anatomical location was in 5 (72%) cases the head, in 1 (14%) case the torso and in 1 (14%) case the neck.
The patients who responded to the treatment with oral propranolol were 59/62 (95.2%). The effect appeared quickly in the first few days and was sustained during the following weeks leading to a remarkable shortening of the natural course of IH. Furthermore, the infants who started therapy during the first six months of age showed a greater improvement of the lesions. The average VAS score after the first month of therapy was similar in the two groups, seven (range 5-10) for the infants that started treatment before six months of age and eight (range 5-10) for those that started treatment later. By contrast, at the end of therapy the average VAS score was two (range 1-10) for the infants that began propranolol before six months of age and six (range 1-10) for the others (P<0.05). Figure 3 shows the effect of treatment on a superficial IH.
Three patients (4.8%) did not respond to the treatment. In two the VAS score at the end of the therapy was ten and nine. In both cases the treatment had been started after one year of age. They underwent elective surgery. The other patient, whose VAS score after one month of treatment was ten, required urgent surgery because of massive bleeding ( Table 3) .
None of the 62 patients presented bradycardia (<2 SD of normal), or hypotension (<2 SD of normal). One of our first patients, a 53 monthold girl who had already unsuccessfully been treated with oral pred- nisone, started therapy with propranolol and after 6 months of treatment (VAS from ten to eight) suffered from a hypoglycaemia-induced seizure during an episode of gastroenteritis. Six infants (9.6%) had sleep disorders requiring a slight reduction of the propranolol dosage. One patient (1.6%) presented transient alopecia. Eight patients (12.9%) had to stop the therapy briefly because of wheezing or bronchiolitis. In two patients (3.2%), because of gastroenteritis and poor feeding, a short interruption of the therapy was necessary as a precaution in order to decrease the risk of hypoglycemia. In order to obtain a better cosmetic result, five patients, who had successfully reached the end of the treatment, underwent elective surgery to remove residual scars.
Discussion
The majority of IH have little impact on infants' and children's health, but a few of them, especially those that are located on the head, face and neck and develop rapidly, can interfere with normal function and appearance. In these cases a prompt intervention is required in order to control growth and reduce the probability of functional and cosmetic disorders.
Propranolol is a nonselective β-adrenergic receptor blocker commonly used in the pediatric age group for the treatment of supraventricular and ventricular tachyarrhythmias; obstructive hypertrophic cardiomyopathy; hypertension; treatment and prophylaxis of anoxic spells in tetralogy of Fallot; prophylaxis of migraine; and as an adjuvant drug in the treatment of thyrotoxicosis, pheochromocytoma and portal hypertension with esophageal varices. Rare side effects of propranolol are bradycardia, atrio-ventricular block, hypotension, bronchospasm, hyperkalemia. Common side effects are: sleep disorders, alopecia, feeding and intestinal disorders. 17 The use of propranolol in infants and children was off-label in Italy, but in 2010 the Italian Drug Agency (Agenzia Italiana del Farmaco; AIFA) authorized its use in infants with severe IH.
The effect of propranolol on growing IH can be ascribed to three molecular mechanisms: vasoconstriction, inhibition of angiogenesis and induction of apoptosis. The vasoconstriction occurs because propranolol inhibits the vasodilator effect of adrenaline via beta-receptors, but does not affect the activity of adrenalin on alfa1-receptors. 18, 19 The inhibition of angiogenesis occurs because of the effects of adrenaline and noradrenaline, which consist in the stimulation of the synthesis of the pro-angiogenic factors VEGF and bFGF, which in turn are inhibited by the propranolol-induced beta-block. 19 Another mechanism to explain the effect of propranolol in accelerating the regression of proliferating infantile emangioma is linked to its action on the renin-angiotensin system, as proposed by Itinteang and co-authors. 20 They demonstrated that CD34+/CD33+/VEGFR+ cells present within the immature capillaries of proliferating IH are responsive to angiotensin II and suggested that beta-blockers, acting on the kidney, reduce renin activity and consequently the agiotensin II, a factor that stimulates mesenchimal stem cells of IH to secrete the VEGF. Regarding apoptosis, adrenergic stimulation inhibits apoptosis through the intervention of several enzymes (src, mitogen-activated protein kinases, caspase cascade), thus the adrenergic block induced by propranolol can increase the cellular apoptosis rate. 18, 19 Since the initial report of propranolol use for the treatment of IH, some published case series [8] [9] [10] [11] [12] [13] [14] and many case reports have confirmed its effectiveness in reducing the sizes of IH in 82 to 100% of treated patients and have proved the safety of the treatment. The report of a consensus conference on the initiation and the use of propranolol for IH was published in 2013. 17 In 2015 a randomized controlled trial showed that propranolol was effective at a dose of 3 mg/kg per day for six months in the treatment of IH. 21 In our study the efficacy of propranolol reached 95.2%. In responders the first effects of propranolol appeared during the first 24 hours of treatment as changes in color (from bright red to purple) and consistency (softening of the lesion on palpation). After the initial response IH continued to progressively improve both with respect to color and thickness. The highest statistical significance of clinical improvement occurred in the first two months of treatment (P≤0.001), but IH continued to improve in the following months (P<0.05). Patients who started treatment before six months of age showed the best results in terms of the VAS score at the end of treatment. Therefore, it appears that early recognition and early treatment of IH assure the best outcome. Ulcerations healed in a few days in all patients except in the one who required urgent surgery because of massive bleeding. Clinically signif- Article icant regrowth of IH was observed in 7/62 patients (11.3%) and was treated with a second propranolol therapy regimen. The rate of relapse in our study was similar to that found by Ahogo and colleagues, who found 12% of patients having a major relapse with a true regrowth phase of the IH necessitating a new oral course of propranolol. They also found that children at risk of relapse were mostly those with segmental IH, and those with IH with a deep component. 22 This was very similar to what we found in our series. The percentage of IH that did not respond to the treatment was 4.8% in our series. This value is greater than the value of treatment failures estimated in the consensus conference about propranolol use for IH (1.6%), however the authors themselves pointed out that this failure rate could be underestimated because treatment failures were not so commonly reported (only 14% of the publications examined addressed the issue of treatment failures). 17 In our study the first assessment of the patients referred for IH was made by a medical team. We think that this strategy, summing the experience of many specialists, greatly reduces the possibility of a diagnostic error and ensures the selection of the most appropriate therapy.
Our policy was to start the treatment during a 48-hour hospital stay in order to monitor the tolerance to the therapy and the outbreak of adverse effects. All our patients were discharged from the hospital after 48 hours with a propranolol dosage of 2 mg/kg/day in three divided doses. We did not observe any side effects in the first 48 hours. Therefore, our method to start propranolol therapy at the dosage of 1 mg/kg/day and to increase it up to 2 mg/kg/day after 24 hours was free of side effects and can be considered safe. This outcome convinced us to start the treatment as outpatients in subsequent cases using a fourhour period of observation beginning at the first dose of propranolol. This seems to be adequate to recognize bradycardia or hypotension because the propranolol plasmatic peak level occurs after two hours. Hospitalization should be reserved for patients with simultaneous occurrence of premature birth or other conditions affecting the cardiovascular system, the respiratory system or blood glucose maintenance, wherein propranolol is more likely to cause adverse effects.
In our series adverse effects were observed in eight patients (12.9%). This value is lower than the overall value of adverse effect estimated in the consensus conference (15.5%). 17 Seven of the eight showed mild adverse effects and only one patient (1.6%) suffered from a severe adverse effect of propranolol (a hypoglycemia-induced seizure occurring during the course of gastroenteritis). Hypoglycemia in the setting of IH treated with propranolol has previously been reported. [23] [24] [25] As the use of propranolol in infants with IH increases, physicians must be aware of the potential for hypoglycemia. It can be particularly insidious and difficult to recognize because some symptoms that are associated with counter-regulatory epinephrine action such as sweating, shakiness, anxiety, hunger and tachycardia may be absent, due to propranolol-induced β-adrenergic blockage. Therefore, in order to decrease the risk of hypoglycemia, propranolol should be discontinued during intercurrent illness, especially in the setting of restricted oral intake. Furthermore, patients with IH may be at increased risk of hypoglycemia if they have recently received or are concomitantly receiving corticosteroids, because adrenal suppression may lead to a failure of counter-regulatory cortisol response. 26 
Conclusions
In conclusion, in our study propranolol administered orally at 2 to 3 mg/kg/day in three divided doses was effective in 95.2% of cases. The effect appeared quickly in the first few days and was sustained during the following weeks leading to a remarkable shortening of the natural course of IH. The treatment failure rate was 4.8%. Propranolol was well tolerated with only one (1.6%) severe adverse effect. Starting the treatment before six months of age led to better results. Regrowth of the lesion benefited from a second treatment. 
